We explore the galaxian luminosity-metallicity (L-Z) relationship in both the optical and the near-IR using a combination of optical photometric and spectroscopic observations from the KPNO International Spectroscopic Survey (KISS) and near-infrared photometry from the Two-micron All Sky Survey (2MASS). We supplement the 2MASS data with our own NIR photometry for a small number of lower-luminosity ELGs that are under-represented in the 2MASS database. Our B-band L-Z relationship includes 765 star-forming KISS galaxies with coarse abundance estimates from our follow-up spectra, while the correlation with KISS and 2MASS yields a total of 420 galaxies in our J-band L-Z relationship. We explore the effect that changing the correlation between the strong-line abundance diagnostic R 23 and metallicity has on the derived L-Z relation. We find that the slope of the L-Z relationship decreases as the wavelength of the luminosity bandpass increases. We interpret this as being, at least in part, an effect of internal absorption in the host galaxy. Furthermore, the dispersion in the L-Z relation decreases for the NIR bands, suggesting that variations in internal absorption contribute significantly to the observed scatter. We propose that our NIR L-Z relations are more fundamental than the B-band relation, since they are largely free of absorption effects and the NIR luminosities are more directly related to the stellar mass of the galaxy than are the optical luminosities.
INTRODUCTION
Galaxies build up their content of heavy elements slowly over their lifetimes through well understood stellar-evolution processes. It has been known for at least twenty-five years that galaxies can exhibit different metallicity levels, with more massive galaxies having systematically higher abundances than dwarf galaxies (Lequeux et al. 1979) . Understanding why these differences in metallicity exist is an important aspect of the study of galaxy evolution. The accurate assessment of the relationship between metallicity and mass provides an important constraint on the models of galaxy formation and evolution that attempt to account for the chemical evolution of the system (e.g., Prantzos & Boissier 2000; Boissier et al. 2003; Chiappini, Romano & Matteucci 2003; Rieschick & Hensler 2003; Qian & Wasserburg 2004) .
While it would be preferable to study the variation of metallicity with the mass of the galaxy, it is far more common for investigators to use luminosity as a surrogate for mass (e.g., Garnett & Shields 1987; Skillman, Kennicutt, & Hodge 1989; Zaritsky, Kennicutt, & Huchra 1994; Richer & McCall 1995; Garnett et al. 1997; HidalgoGámez & Olofsson 1998; Kobulnicky & Zaritsky 1999; Pilyugin & Ferrini 2000; Melbourne & Salzer 2002; Lee et al. 2004; Lamareille et al. 2004) . In nearly all of these previous studies, the authors find a strong correlation between luminosity and heavy element content. The latter is usually specified in terms of the relative abundance of oxygen to hydrogen for late-type and star-forming galaxies (where the metallicity is measured via nebular emission lines), and in terms of Fe/H for early-type galaxies (where the metallicity is assessed in terms of absorptionline indices). A few recent studies have considered the relationships between circular rotation speed and metallicity (Garnett 2002) and spectroscopic/photometric stellar mass estimates and metallicity (Tremonti et al. 2004 , Pérez-González et al. 2003b , in order to try to tie the observed variations in metal abundance to a more fundamental parameter (e.g., stellar or total mass).
There are a number of possible explanations for the observed variation of metal content with galaxian mass. For example, dwarf galaxies could, on average, be less efficient at converting their gas into stars, both now and in the past, and hence could simply have produced lower amounts of heavy elements in their lifetimes. Alternatively, it is possible that differences in the initial mass functions of galaxies as a function of either their metallicity or total mass could explain the observed trends. Both of these possibilities are brought into question by the observations of actively star-forming dwarf galaxies (a.k.a., blue compact dwarfs), that are seen to contain many high-mass stars capable of producing high levels of metal enrichment. For any reasonable assumed duty cycle of the star formation episodes in these galaxies, it would appear that they would readily produce enough heavy elements to give themselves relative abundances comparable to more massive galaxies. A key wild-card in the star-formation and metal enrichment in dwarfs is the observation that they have high gas-mass fractions relative to larger galaxies. Most of their "excess" gas lies at large radii, outside of the optical extent of the galaxy. If a mechanism existed to mix some of this gas into the central portion of the galaxy (e.g., tidal forces), it would serve to dilute the metallicity of the gas in the observable portion of the galaxy, and also to fuel further star formation.
A more likely explanation for the observed massmetallicity and luminosity-metallicity (L-Z) relations is preferential loss of metal-enriched supernova ejecta. Low mass galaxies, with lower gravitational binding energies, are more apt to lose the metals produced in SNe explosions than are more massive galaxies. One can also explain the observed metallicity gradients in spiral disks via this mechanism. Simulations by Mac Low & Ferrara (1999) have shown that above some critical mass (roughly corresponding to a galaxy with M B = −12), galaxies will lose a substantial amount of the metals they produce via a hot galaxian wind, while leaving most of the colder, ambient gas intact for the next generation of star formation. The extent of the metal loss via this supernova-driven wind varies with the mass of the galaxy, such that dwarfs lose much of their produced metals, while large spirals lose little if any. While the precise mechanism that causes the L-Z relation remains an open question, we will assume in the remainder of this paper, for the sake of discussion, that the hot galaxian wind model is the primary physical mechanism that produces the observed correlation between metallicity and luminosity/mass.
Recent work on the L-Z relation has begun to focus on trying to measure the change in the relation as a function of look-back time by studying galaxies at moderate redshifts (Kobulnicky & Zaritsky 1999; Contini et al. 2002; Kobulnicky et al. 2003; Lilly, Carollo & Stockton 2003; Maier, Meisenheimer & Hippelein 2004; Liang et al. 2004) . Studying the evolution of the L-Z relation can be an alternate method for trying to quantify the evolution of the star-formation rate density. Since the evolution of metal abundance, particularly in high-mass galaxies where the effect of galaxian winds is less important, must correlate with the star-formation history of massive stars, the evaluation of the change in the L-Z relation with look-back time provides a powerful tool for measuring the star-formation history of the universe back to z = 1 (and possibly further). Melbourne & Salzer (2002; Paper I) have previously used the star-forming galaxies discovered in the KPNO International Spectroscopic Survey (KISS; Salzer et al. 2000) to explore the nature of the L-Z relation for a large (N = 519) sample of emission-line galaxies (ELGs). In the current paper, we extend that study by including a larger sample of galaxies for which coarse abundance estimates are available, and by investigating the L-Z relation in a range of bandpasses from B to K. By considering the L-Z relation in the near-IR, we are able to substantially reduce (eliminate?) the effects of internal absorption on the derived result. In addition, we have revised our coarse abundance calibration, taking into account recently obtained spectral data. An added advantage of the current study is that we use a large sample of galaxies with homogeneous data (both spectroscopic and photometric). Some previous studies have suffered from using data taken from multiple sources, where the abundances were not always derived in a consistent fashion.
The paper is laid out as follows. Section 2 describes the various optical and NIR datasets used for this study, including the presentation of new H and K band imaging photometry obtained for this project. Section 3 details our method of deriving coarse metallicity estimates for the KISS ELGs, and includes a redetermination of the metallicity -line ratio relations first presented in Paper I. In Section 4 we present our new L-Z relations for five photometric bands (BVJHK), while §5 presents a discussion of our findings. These include a comparison with previous work, including recent determinations of the L-Z relation at higher redshifts, as well as a discussion of the scatter in our relation. The results of this paper are summarized in §6. Throughout this paper, a value for the Hubble constant of 75 km s −1 Mpc −1 is assumed.
OBSERVATIONAL DATA
To explore the questions raised above, we utilize the large sample of star-forming galaxies cataloged by the KPNO International Spectroscopic Survey (KISS; Salzer et al. 2000) . To date, KISS has generated three lists of emission-line selected galaxies. The larger portion of the survey is made up of galaxies selected via the presence of the Hα line in their objective-prism spectra. These are cataloged in Salzer et al. (2001; hereafter KR1) and Gronwall et al. (2004a; hereafter KR2) , and include 2158 emission-line galaxy (ELG) candidates. The third list is made up of objects selected due to the presence of [O III]λ5007 hereafter KB1) , and has a total of 223 objects cataloged. The [O III]-selected ELGs in KB1 tend to be lower in luminosity, on average, than the Hα-selected galaxies in KR1 and KR2. However, there is substantial overlap in the sky coverage of the KR1 and KB1 surveys, and essentially all of the KB1 objects in the overlap regions are also detected in KR1. This suggests that there is no significant bias introduced by combining the Hα-selected and [O III]-selected ELGs. The total number of unique ELGs tabulated in the three lists is 2266.
The current study makes use of a large amount of observational data, obtained from a number of different sources. We describe below the make-up of our dataset.
KISS Optical Photometry and Spectroscopy
The basic data in the KISS catalogs include accurate astrometry (typical uncertainties of 0.25 -0.30 arcsec in RA and Dec) and calibrated B & V photometry for each object in the catalog. The latter have typical uncertainties of 0.06 mag for B = 16 galaxies, increasing to 0.09 mag at B = 19 (Salzer et al. 2000) . In addition, the objective-prism data provide estimates of the redshift of each ELG, plus a measurement of its line flux and equivalent width. These spectral data are too coarse to allow for the determination of activity types (e.g., star-forming vs. AGN), so follow-up spectra are needed to maximize the scientific usefulness of the survey. Members of the KISS group have been engaged in a campaign of "quick-look" spectroscopy of the ELG candidates for the past several years. To date, observations have been obtained for 1351 KISS ELGs, including all 223 of the [O III]-selected KB1 list, 935 of 1128 (83%) ELGS from the Hα-selected KR1 catalog, and 307 of 1029 (30%) of the candidates from KR2. For the analysis carried out in this paper, we use only spectra from star-forming galaxies that have spectral data of high enough quality to insure accurate emission-line ratios (i.e., galaxies with spectral quality codes of 1 or 2 as tabulated in the spectral data papers listed below). After removing all of the AGNs (Seyfert 1s and 2s, LINERs, and QSOs), those objects with lower spectral quality, and the roughly 9% of KISS candidates that turn out to not be actual ELGs, we are left with a final sample for the current paper of 766 star-forming ELGs.
The follow-up spectra have been obtained with a variety of telescopes and spectrographs. The details of the observational set-ups and measured spectral parameters are given in a series of existing or planned future papers, each of which presents data from a specific telescope. These include the Hobby-Eberly 9.2-m telescope (Gronwall et al. 2004b) , the Lick 3.0-m Paper II) , the MDM 2.4-m (Wegner et al. 2003) , the WIYN 3.5-m with the Hydra multi-fiber positioner, the ARC 3.5-m, and the KPNO 2.1-m telescope. With the exception of the WIYN 3.5-m spectra, all data were obtained using long slits with widths of 1.5 -2.0 arcsecs. The WIYN spectra were taken through 2 arcsec diameter fibers. The quick-look spectra exhibit a range of S/N ratios. Some spectra cover the full optical spectral range (from below [O II]λλ3726,3729 to above [S II]λλ6717,6731), although the majority of our data do not go below 4000Å, usually due to limitations of the spectrographs that were available. At a minimum, all of our spectra include the Hβ, Hα, [O III]λλ4959,5007, and [N II]λλ6548,6583 lines. In addition, the follow-up spectra provide us with an estimate of the Balmer decrement reddening parameter c Hβ , plus an accurate redshift. The latter, along with our broad-band photometry from the original survey data, allow us to compute absolute magnitudes for each ELG. The emission-line fluxes are used to estimate the oxygen abundance, using the method described in §3.
2MASS NIR Photometry
In order to explore the near-IR L-Z relationship, we take advantage of the Two-micron All-Sky Survey 2 (2MASS). We have correlated the positions of all 2266 KISS ELGs in the first three survey lists (KR1, KR2, KB1) with both the 2MASS point-source and extendedsource catalogs. We have found 2MASS detections for 1479 of the KISS ELGs (65.3%). In most cases, the KISS galaxies were detected in all three 2MASS bands (J, H, and K), although for some sources near the 2MASS flux limit the KISS ELGs were detected in only one (usually J) or two (usually J & H) filters. The median formal magnitude uncertainties for the 2MASS-detected KISS galaxies are 0.10 mag for J, 0.13 mag for H, and 0.15 mag for K. The full details of our correlation procedure, as well as a description of the NIR properties of the KISS ELGs is given in A. Jangren et al. (2005b, in preparation) . In the current paper we simply utilize the cataloged 2MASS JHK photometry to compute NIR absolute magnitudes for all of the detected ELGs.
Steward NIR Observations
As discussed in A. Jangren et al. (2005b, in preparation) , the 2MASS survey was quite efficient at detecting the more luminous star-forming galaxies and AGNs in the KISS catalogs. However, the lower luminosity ELGs are systematically under-represented in 2MASS. This comes about for two reasons. First, since the detection limit of the 2MASS project is not as deep as that for KISS, a substantial portion of the KISS dwarf population is not within the sensitivity limits of 2MASS. Second, the colors of the low-luminosity star-forming ELGs are much bluer than are the more luminous KISS galaxies. Hence, at a given optical magnitude, the more luminous (redder) ELGs are more likely to by detected in the NIR than the bluer dwarf galaxies. The net effect is that the majority of the lower luminosity KISS ELGs (M B > -18.0) are not detected by 2MASS.
To supplement the sparse 2MASS photometry available for the low-luminosity galaxies of the KISS sample, we have carried out near-IR observations for some of our lowest luminosity galaxies. Our original intent was to obtain both K s and H band imaging for all 52 galaxies with M B > −17.0 in the KR1 catalog. Due to unusual difficulties with weather, however, only a fraction of this sample was observed. For the purposes of constructing the luminosity-metallicity relationship using coarse abundances, the inclusion of this limited set of near-IR photometry is still sufficient to improve our statistics in the low-luminosity portion of the distribution. Thus, we have simply abridged the original project and present the available data here.
H-band images were obtained with a NICMOS3 (Kozlowski et al. 1994; Hodapp et al. 1996) and operates at the f/9 focus at the MMT, with a resultant pixel scale of 0.
′′ 185 pixel −1 and circular field of view with a 3.
′ 16 diameter. At both observatories we followed the same standard near-IR observing sequence. A series of on-source short exposures were taken for each target, with dithering offsets applied after every frame and the integration time (∼30s) of each frame determined by the level of the sky background count rate. Since the targets had diameters on the order of 10 ′′ or smaller and the surrounding fields were relatively sparse, it was not necessary to move the target completely off the detector to obtain separate blank sky images for flat-fielding and sky-subtraction purposes. Total integration times varied between 10 and 20 minutes for each target.
Standard near-IR reductions were performed using the Image Reduction and Analysis Facility 4 (IRAF). Average dark frames were subtracted, bad pixel masks were applied, and the images were flat-fielded using a normalized median combination of the 5 to 10 temporally closest frames. For the PISCES data, corrections for cross-talk between quadrants and geometric distortion were also applied. Finally, the individual short exposure frames for each target were aligned and combined. Flux calibration was performed using standard stars from the UKIRT list for data from the Bok Telescope and from the Persson et al. (1998) list for data from the MMT, and the canonical atmospheric extinction coefficients of 0.04 mag airmass −1 at H and 0.08 mag airmass −1 at K s were used to calculate zero-points for each night. The uncertainty in the airmass correction was minimized by ensuring that all standard and galaxy observations were made at low airmass (1.2 airmasses on average) and over the narrowest range of airmass that was practical (∼0.25).
Photometry was performed using the IRAF APPHOT routine and total magnitudes were measured by using circular apertures large enough to encompass all the light from the target. Our results are listed in Table 1 . The quoted errors were computed following Pérez-González et al. (2003a) . Average total errors are 0.07 mag for the MMT K s photometry and 0.3 mag for the Bok H-band photometry. The larger errors in the Bok data are primarily due to a greater uncertainty in the sky determination due to the high and rapidly fluctuating background count rate at the time of the observations. For the MMT PISCES data, we have also measured field stars in our science images for which reliable photometry is also available from the 2MASS PCS. There were typically one to two stars per field that could be used for this type of comparison. The differences between our measured values and those from 2MASS were consistently within 1.5σ of the quoted 2MASS errors, validating the photometric calibrations that were applied.
The metallicity (defined here as 12 + log(O/H)) of nebular star-forming regions can be calculated from ratios of the [O III] and [O II] spectral lines relative to a Balmer line of hydrogen (Osterbrock 1989; de Robertis 1987 and metallicity are calibrated using HII regions in the Milky Way and local galaxies. These so-called R 23 methods (Edmunds and Pagel 1984; Zaritsky at al. 1994; Kobulnicky et al. 1999; Pilyugin 2000 Pilyugin , 2001 have typical metallicity uncertainties of ∼0.1-0.2 dex, as compared to uncertainties of ∼0.01-0.04 dex that are typically obtained via the T e method. The recent study by Kewley & Dopita (2002) has refined the strategies for deriving metal abundances making use of the strongest nebular lines present in the spectrum of star-forming galaxies.
The follow-up spectra of a typical KISS doublet precludes our using any of the strong-line ratios proposed by Kewley & Dopita (2002) . Rather than abandon these objects, we define an empirical calibration between metallicity and the strong lines available in the bulk of our spectra. These calibrations result from metallicity measurements of a subset of the KISS galaxies for which we can either calculate a T e abundance or an R 23 abundance. The process was first carried out in Paper I. In the current paper we update the calibrations with additional T e and R 23 abundance measurements, and we apply the calibrations to a larger set of follow-up spectra in order to determine global luminosity-metallicity relations for KISS galaxies. A brief description of the data sets used and their application to the strong-line metallicity calibration is given below. For a more detailed discussion of the process please refer to Paper I.
T e Metal Abundances
The KISS team has obtained high S/N spectra of 25 low metal abundance galaxies using the Lick 3.0-m telescope and the 6. and metallicity has been calibrated with a combination of T e observations of starburst galaxies and star-forming regions in nearby galaxies for the lower abundances, and photoionization models for the higher metallicities (e.g. , Stasinska 1990; McGaugh 1991; Oey & Kennicutt 1993; Kewley & Dopita 2002) . The relationship is double valued. On the lower-metallicity branch (12 + log(O/H) < 7.9), metallicity increases as R 23 increases. R 23 decreases with increasing metallicity for metal abundances greater than ∼ 8.1, the upper-metallicity branch. Objects in between are called turn-around region galaxies.
After calculating R 23 for each object in our sample we identify which branch of the metallicity relation the galaxy lies on.
As outlined in Paper I, objects with log([N II]λ6583/Hα) < -1.3 are assigned to the low-metallicity branch, while objects with log([N II]λ6583/Hα) > -1.0 are assigned to the high metallicity branch. Those objects with nitrogen line ratios between these constraints are assigned to the turnaround region of the R 23 relation and no metallicity is calculated. As an additional constraint, we find that objects with low signal-to-noise ratio in the Hβ line do not produce reliable metal abundances from R 23 methods. The uncertainty in Hβ propagates through the metallicity determination by means of the reddening coefficient c Hβ . We limit our metallicity calculations to those objects with equivalent width of Hβ > 8Å. Objects below this cutoff tend to have unphysical [O III]/[O II] line ratios (Paper I).
Lower-Metallicity Branch Calibration
For objects on the lower-metallicity branch, we adopt the Pilyugin (2000) calibration of R 23 called the p3 method:
where (R 23 ). This equation reproduces T e abundance results to within 0.1 dex. We calculate p3 metallicities for 17 galaxies with metal abundances that range from 7.6 to 8.2. The abundance results are given in Table  3 . Columns 1 and 2 give the KISSR and KISSB numbers of the galaxies. Column 3 is log([N II]λ6583/Hα), while columns 4 and 5 are log([O II]λλ3726,3729/Hβ) and log([O III]λ5007/Hβ) respectively. Column 6 gives the resulting p3 metallicity. We assign a standard uncertainty to the metallicity measurements of 0.1 dex (Paper I).
Upper-Metallicity Branch Calibrations
For objects on the upper-metallicity branch, we originally adopted the Edmunds & Pagel (1984;  hereafter EP) fit, as quoted in Pilyugin (2000):
This fit differs only marginally from the one presented by Pilyugin (being ∼0.08 dex higher). Table 4 reports the metallicity results for the R 23 method. 47 galaxies are measured with metal abundances ranging from 8.2 to 9.5. The first six columns are the same as in Table  3 , except that the last column reports the metal abundances derived from the R 23 equation above. The R 23 calibration has a larger inherent scatter with metallicity than does the p3 calibration; we estimate an uncertainty of 0.15 dex for these measurements (Paper I). Our adopted upper-branch R 23 relationship defines the abundance scale for the luminous galaxies used in the analysis presented in this paper. The use of a different R 23 relationship could potentially have a dramatic impact on the slope of the derived L-Z relation. It should be stressed that there are a number of different calibrations of the R 23 relation in the literature (e.g., EP; McCall, Rybski & Shields 1985; McGaugh 1991; Zaritsky et al. 1994; Kobulnicky et al. 1999; Pilyugin 2000 Pilyugin , 2001 , some of which differ significantly from each other. We have adopted the EP version, which falls roughly mid-range of the other versions of the relation. Paper I considered the effect that using a different R 23 relation would have on the slope of the L-Z relation, and concluded that it could have only a modest effect (probably in the range of 5-10%). However, we felt that it was important to revisit this question in somewhat more detail by considering a few additional R 23 relations.
Recent measurements of T e abundances for objects on the upper branch of the R 23 relationship by Kennicutt, Bresolin & Garnett (2003; hereafter KBG) lie well below the R 23 calibrations suggested in previous studies, including the one by EP adopted above (see Figure 12 of KBG). The implication of this result is that abundances derived using one of these older R 23 relationships could be substantially higher than their actual values. We used the data presented in KBG to derive an alternate fit for the upper branch of the R 23 relationship:
Note that the slope is identical to the Edmunds & Pagel value, but the intercept is 0.26 dex lower. Since a lower abundance calibration for the R 23 relationship could potentially lead to a substantially shallower L-Z slope, we decided to recompute our coarse abundance calibration using this new relation. The R 23 abundances derived for our sample using the KBG relation are given in column 7 of Table 4 . Finally, we have used the analytical fit to the R 23 -metallicity relation obtained by Tremonti et al. (2004) for SDSS data (their Equation 1) as a third independent calibration of the method. Column 8 of Table 4 presents values for the R 23 abundances computed using the Tremonti et al. relation (hereafter referred to as the Izotov et al. (1997) are shown as asterisks. We fit a quadratic function to the data (solid line). In addition, we plot the quadratic fits to the abundance data computed using the SDSS and KBG R 23 calibrations (dotted line and dashed line, respectively). See text for details.
SDSS relation).
In the following sections, we utilize all three of these R 23 relations to calibrate our coarse abundance method and further explore the impact of different R 23 calibrations on the derived L-Z relation.
Coarse Metal Abundance Estimates
Using the T e , p3 and R 23 metal abundance estimates described above, we calibrate empirical relations between two sets of strong emission-line ratios ([N II]λ6583/Hα, [O III]λ5007/Hβ) and metallicity. We then estimate metal abundances for the large sample of KISS galaxies that have high quality follow-up spectra. Figure 1 shows how the [N II]λ6583/Hα line ratio varies with metallicity, while Figure 2 shows the same for the [O III]λ5007/Hβ line ratio. For each plot, the diamonds are T e abundance measurements, triangles are p3 abundances, and squares are R 23 measurements. For the latter we use the abundances computed using the EP R 23 calibration for the purpose of illustration. Asterisks represent objects taken from Izotov et al. (1997) . These objects are included to increase the number of low-metallicity galaxies available, in order to better constrain the resulting fit (as in Paper I).
Our coarse abundance relations are determined by fitting low-order polynomials to the data shown in Figures  1 and 2 . We carry out the fitting process separately for the three choices of the R 23 relation described above. For the [N II]/Hα -metallicity data we fit a second order polynomial to those objects with log([N II]λ6583/Hα) < −0.45, where the line ratio is well behaved with respect to metallicity. The fit is of the form 12
The polynomial coefficients and their formal uncertainties are given in Table 5 . Also listed in the table are the RMS scatters about the fits. The latter lie in the range 0.13 to 0.16 dex, and are adopted as the formal uncertainties in the abundance estimates obtained from this Izotov et al. (1997) are shown as asterisks. We fit a line to the high metallicity branch (solid line). In addition, we plot the linear fits to the abundance data computed using the SDSS and KBG R 23 calibrations (dotted line and dashed line, respectively). See text for details.
equation. Note that the objects with high abundances (12 + log(O/H) > 9.0) are excluded from the fit. These are objects found in the lower right portion of the diagnostic diagram shown in Figure 3 , where the [N II]/Hα ratio is no longer sensitive to changes in metallicity.
We plot the three fits in Figure 1 . The solid line is the fit to the abundances derived with the EP R 23 relation (corresponding to the data plotted in the figure), while the dashed and dotted lines show the fits to the KBG and SDSS relations (data points not plotted). All three fits agree well with each other on the left side of the diagram, where the [N II]/Hα ratio is most sensitive to metal abundance (see below), but diverge on the right side due to the different R 23 abundance determinations. The KBG R 23 abundances are systematically lower than the EP ones by 0.26 dex, leading to the flatter [N II]/Hα -metallicity relation seen in the figure. One the other hand, the SDSS fit agrees more closely with the EP relation, being only slightly steeper at the high-abundance end.
For the [O III]/Hβ -metallicity data we fit a linear relation to the objects located on the upper-metallicity branch of the
The fit is of the form
The three different data sets are fitted separately, and the resulting polynomial coefficients are given in Table  5 . In this case the scatter about the fits ranges between 0.11 and 0.14, comparable to the values found for the [N II]/Hα relation. Figure 2 plots the three fits, using the same conventions employed in Figure 1 . Since the fits are only to the upper branch objects, they more directly reflect the differences in the input R 23 relations. The KBG fit is parallel to, but offset from, the EP fit, while the SDSS fit predicts lower abundances than EP for the most metal-rich galaxies (left side of diagram) and higher abundances than EP for galaxies with intermediate abundances.
Armed with these relations, we calculate metal abundances for the large sample of KISS galaxies with highquality follow-up spectra in the following way. For galaxies with log([N II]λ6583/Hα) < −1.2 we calculate the metallicity using only the nitrogen line ratio and Equation 4. For galaxies with log([N II]λ6583/Hα) > −1.2 and log([O III]λ5007/Hβ) > −0.25 we calculate metallicities using both the nitrogen and oxygen line ratios and equations 4 and 5. We take the average of the two results to produce a final abundance estimate. The above relations update and replace the corresponding versions from Paper I. The fit to the EP oxygenmetallicity plot is very similar to that from our previous paper, while the EP nitrogen-metallicity relation has changed slightly at the low abundance end. For objects with log([N II]/Hα) = −2.0, our new relation leads to abundances that are 0.07 dex higher, while at log([N II]/Hα) = −1.2, the revised relation predicts metallicities that are 0.03 dex higher than the old relation. Pettini & Pagel (2004) 
OPTICAL AND NIR METALLICITY-LUMINOSITY RELATIONS

Presentation of new L-Z relations
Following the procedures described in the previous section, we are able to compute coarse oxygen abundances for 766 KISS star-forming galaxies. This represents a roughly 50% increase over the number of KISS ELGs with coarse abundances available for the study carried out in Paper I. Only galaxies whose follow-up spectra provide high-quality measurements for the [O III]/Hβ and [N II]/Hα line ratios are used. This entire dataset also possesses B and V photometry, and more than half were detected by 2MASS and have NIR magnitudes. In this section we present luminosity-metallicity relations for the KISS ELGs in five different photometric bands.
In order to better illustrate the nature of our large sample of star-forming ELGs, we display in Figure 4 plots of a number of measured physical parameters. The four panels plot the following parameters against B-band absolute magnitude: (a) B−V color, (b) the Balmer decrement reddening parameter c Hβ , (c) the logarithm of the Hα equivalent width (inÅ, measured from our follow-up spectra), and (d) the logarithm of the Hα line luminosity (in ergs/s). In all panels, filled symbols reflect objects detected by 2MASS in the J band, while open symbols indicate those that are not detected in the NIR. Ones sees expected/familiar trends in all plots: the galaxies tend toward bluer colors, lower amounts of absorption, higher equivalent width emission, and lower line luminosities in progressing from higher to lower luminosities. A key thing to note is the tendency for the lower luminosity galaxies to not be detected in the NIR: at luminosities above M B = −20.0, 96.8% of the KISS ELGs are 2MASS detected, while for M B > −18.0, only 20.4% have measurable 2MASS fluxes. A more complete description of the properties of the KISS ELGs can be found in L. Chomiuk et al. (2005, in preparation) and A. Jangren et al. (2005a, in preparation) .
We present a series of L-Z plots in Figures 5 and 6 . In order to illustrate the effect of using different R 23 relations to compute the abundances for the more luminous galaxies we plot side-by-side the EP and KBG L-Z relations for each filter considered. In all plots, the solid line represents a weighted bivariate linear-least-squares fit to the data (using the bisector method). The uncertainties in the abundances are those specified in the previous section. For the uncertainties in the absolute magnitudes we adopt a conservative value of 0.3 mag. This reflects mainly the errors in the distances. The parameters of all of the linear-least-squares fits presented in this section are summarized in Table 6 . The uncertainties listed in the table for the slopes and intercepts are the formal errors obtained from the fitting process. The errors are quite small due to the large sample of galaxies used. They may not reflect the true uncertainties in the coefficients, however. For example, the differences in the slopes of the direct and inverse fits are substantially larger than the formal errors quoted in the table. We do not display the L-Z plots for the SDSS R 23 calibration here, but include the results of the least-squares fits in Table 6 . The appearance of the SDSS L-Z plots are very similar to the EP versions shown.
In most previous work, the B-band has been the filter of choice for the construction of L-Z relations. This is presumably due to the wealth of B-band photometry available for galaxies, but, as we shall see, it is perhaps a poor choice due to the severe effects of internal absorption plus the impact that extreme starbursts can have in the blue. The B-band L-Z relations shown in Figure 5a ,b include all 766 KISS ELGs for which coarse abundances have been derived. There is a clear trend of increasing metallicity with increasing luminosity, as expected. The relations are well defined between M B = −16 and −21, where the bulk of the KISS sample is located. A modest number of dwarf galaxies extend down to M B = −14, but these all lie above the best-fit lines. As suggested in Paper I, this may be an indication that the L-Z relationship flattens out at lower luminosities (i.e., the L-Z relation may not be strictly linear). The slope of the fitted line is −0.280 for the EP relation, and −0.222 for the KBG relation, both substantially steeper than B-band L-Z relations obtained in the past using primarily dwarf galaxy samples (e. et al. is shown in Figure 5a -d for comparison. The overall scatter in the O/H abundances about the fit line is 0.292 dex for EP and 0.245 dex for KBG. This is larger than the formal errors in our coarse abundances, and suggests that there is substantial "cosmic scatter" in the current relation. We will return to each of these last three points in the following section.
The location of the least luminous object in the figure, KISSB 23 (a very nearby dwarf ELG), is consistent with the idea that the L-Z relation may not be linear down to the lowest luminosities. It lies a full 1 dex above the extrapolation of the L-Z relation. We have labeled it in Figure 5 because it appears to deviate so strongly from the relationship defined by the rest of the data set. Part of the reason this object is so discrepant may have to do with its evolutionary status. KISSB 23 has an extremely low-excitation spectrum compared to other dwarf ELGs. It is located well below the main locus of points in 12 + log(O/H) = 7.65, compared to 7.95 for our coarse abundance estimate (EP). Galaxies like KISSB 23 show the limitations of the strong-lined method for estimating abundances (R 23 , p3, our method). Objects need to be near the peak of their star-formation episode (and on the main locus of points in line diagnostic diagrams like Figure 3 ) in order to generate accurate results from the strong-line abundance methods. KISSB 23 is one of only a small handful of objects in our sample which may fall in the category of "aging" starbursts. Therefore, we have not included it in any of our fits.
As noted in Paper I, one reason the slope of the KISS B-band L-Z relation is steeper than those of previous studies is likely due to the fact that our sample contains a much higher proportion of luminous starburst galaxies, which in turn likely have a large amount of internal absorption that acts to decrease their observed luminosities. If this increased absorption occurs systematically at the high-luminosity end of the L-Z relation, then it will naturally lead to a steepening of the slope. Following the ad-hoc procedure described in Paper I, we can apply an internal absorption correction to the B-band absolute magnitudes and refit the data. Our results are displayed in Figure 5c ,d. As expected, the slopes derived using the corrected luminosities are less steep (see Table  6 ). Furthermore, the overall scatter in the relationships is reduced relative to the uncorrected fit.
The reason we would like to arrive at an absorptionfree form of the L-Z relation is because such a relation should more nearly reflect the more fundamental relationship between metal abundance and mass. An obvious way to approach directly the ideal of an absorption-free L-Z relation is to measure the luminosity in longer wavelength photometric bands. The KISS data set includes V-band photometry, which provides a modest improvement over the B-band in this regard. However, real gains can be realized by moving into the NIR. Figures 5e,f and  6 show the KISS L-Z relations for the four photometric bands V, J, H, and K. As one would expect, the V-band relation (Figure 5e ,f) is slightly less steep than for the uncorrected B-band (but more steep than the corrected B-band relation). Again, the relation is well defined over more than five magnitudes in absolute magnitude, and shows the same "turn up" at the low-luminosity end exhibited by the B-band relation.
The three sets of NIR L-Z plots (Figures 6) show a substantial change relative to the optical ones. Unfortunately, the number of KISS star-forming galaxies that also possess 2MASS photometry is only about half of the objects for which we have coarse abundance estimates. In the J-band L-Z plot (Figure 6a,b) , for example, only 420 (55.0%) of the galaxies in the coarse abundance sample are included. Even lower numbers apply to the H-band (399 galaxies, or 52.2%) and K-band (370 galaxies, or 48.4%) data sets. Additionally, the NIR data are preferentially lacking at the lower luminosities, which motivated our efforts to obtain the additional NIR data presented in §2.3. Despite these constraints, the L-Z relations in the NIR bands are well defined.
Two key results are readily apparent in the NIR L-Z plots. First, all three exhibit substantially lower slopes than are present in the relations based on the optical data. For all three, the slope is approximately −0.21 (EP) or −0.20 (KBG). Second, the RMS scatter in the L-Z relations is significantly lower for the NIR data compared to the optical data, at least for the EP and SDSS fits. Both results can be interpreted as being due, at least in part, to the reduced effects of dust absorption in the NIR. The shallower slopes come about as the strong, luminosity-dependent absorption in the B and V bands is reduced to much lower levels in the NIR bands. Further, since the amount of absorption varies tremendously from galaxy to galaxy due to, for example, inclination effects, the scatter in the optical L-Z relation is presumably elevated. The lower scatter in the NIR relations is therefore a natural consequence of "removing" the variable amount of absorption. These results are consistent with the findings of Masters, Giovanelli & Haynes (2003) , who show that, on average, the amount of internal dust absorption affecting disk galaxies is reduced to very low levels in the NIR compared to the optical. In particular, they suggest that the average level of absorption in the K band is only 0.1 mag. All appearances are that by producing a K-band L-Z relation we have achieved our goal of nearly eliminating the effects of absorption on the result.
The Impact of Using Different R 23 Relations
We have computed our coarse abundances using three independent calibrations for the R 23 relation in order to evaluate the impact that the different versions might have on the derived L-Z relation. The main results of this test can be seen in Figures 5 & 6 and Table 6 , which clearly indicate that the choice of which R 23 relation to use for estimating the abundances of the high luminosity galaxies does have a significant impact on the slope of the resulting luminosity-metallicity relation.
Examination of Figure 5 shows the the L-Z relations derived using the KBG R 23 calibration are systematically shallower than the EP versions. This is to be expected, since the abundances of the most luminous galaxies in the sample have abundances lower by 0.26 dex in the KBG relation. The slope differences average to ∼0.055 dex for the three different relations plotted. Thus, if the KBG calibration is adopted over the EP calibration (or any of the other older determinations), the difference in the slope of the L-Z relation between our values based on EP and the "classical" Skillman, Kennicutt & Hodge value (−0.15) is effectively reduced by half. Interestingly, the slopes obtained using the SDSS calibration for the three optical L-Z relations are only slightly lower than the EP versions.
The differences between the L-Z relations derived with the three R 23 calibrations are much smaller when the NIR relations are considered. The difference between the EP and KBG NIR slopes is only ∼0.015 dex, with the EP relation still being the steeper of the two. The reason for the smaller slope difference in the NIR compared to the optical is not immediately obvious, but presumably is rooted in the vagaries of the sample differences between those KISS ELGs detected in the NIR and those that were not. Perhaps even more surprising are the very shallow slopes obtained using the SDSS NIR data. We interpret this as being due to the flatter nature of the SDSS R 23 upper-branch relation (see Figure 2) . We discuss this issue further in the following section. Why the optical SDSS L-Z fits agree so closely to the EP values, but then differ dramatically in the NIR, is again most likely an issue of the sample make up for the 2MASS-detected ELGs.
To summarize, we find significant differences in our derived L-Z relations depending on the choice of the R 23 (upper branch) relation employed. At the moment there is no clear-cut "right" choice for which R 23 relation to use. While the KBG version has the virtue of being based entirely on empirical data, the precise value of the derived relation is heavily constrained by the handful of most metal-rich H II regions observed. These observationally-derived abundances may well be uncertain, biasing the resulting R 23 relation low. We point out, for example, that the KBG relation is 0.3 -0.4 dex below two KISS ELGs with secure T e -derived metallicities plotted in Figure 2 . On the other hand, the model-dependent calibrations used in all of the older R 23 relations (including EP) and by Tremonti et al. (2004) disagree with each other at a significant level, and hence it is difficult to place full faith in them as well. It is not the purpose of this paper to try to make a firm assessment of which R 23 relation is the best. The answer to that question will likely require additional work -both observational and theoretical. Since our primary goal is to explore the nature of the L-Z relation, we are only concerned with the issue of how the different R 23 relations impact the derived L-Z relation. Our findings should serve as a warning for future studies to carefully consider which R 23 relation to use and to take care when comparing with previous studies.
DISCUSSION
Despite the warnings issued in the previous section regarding the variations seen in our L-Z relations based on which R 23 calibration we use, one can still draw firm conclusions regarding the nature of the L-Z relation. In the following discussion, we attempt to minimize the impact that the different R 23 relations have by considering the broader nature of the L-Z relations we have derived. In essentially all cases, the qualitative results do not depend on the specific choice for the R 23 calibration.
Comparison with Previous Studies and the Slope of the B-band L-Z relation
The results of Paper I and the current paper differ substantially from the classical L-Z studies of Skillman et al. (1989) and Richer & McCall (1995) in the sense that the slope we obtain for the B-band luminosity-metallicity relation is much steeper. For example, Skillman et al. obtain a slope of −0.153 and a scatter of 0.16 for their sample of 19 quiescent irregular and dwarf irregular galaxies. The recent study by H. Lee et al. (2003) obtains nearly identical results. In contrast, we find a slope of −0.280 (for the EP R 23 calibration, −0.222 for the KBG calibration) and a scatter of 0.29 dex (EP, 0.25 dex for KBG). While part of the difference is due to the increased level of absorption in the higher luminosity galaxies in our sample, our attempt to correct for this only reduces the slope to −0.253 (EP, −0.200 for KBG). We plot the L-Z relation of Skillman et al. as a dashed line in Figures 5a-d .
We do not believe that the slope differences listed above reflect any systematic problems with the respective studies. In fact, when we use only the KISS galaxies with accurate T e abundances from Table 2 to construct an L-Z relation, we obtain a fit with precisely the same slope as Skillman et al. (see Paper III) . The galaxies in the latter sample cover the same absolute magnitude range as the Skillman et al. galaxies, and do not extend up into the higher luminosities present in our current sample. Therefore, we believe that the slope differences between these studies are real, and come about largely due to two factors: (1) The L-Z relation is not intrinsically linear over the full range of galaxian luminosities. Therefore, studies that cover different absolute magnitude ranges will arrive at different slopes. Recent studies involving large samples of galaxies have clearly revealed this non-linear nature at the high-luminosity end (e.g., Tremonti et al. 2004) . (2) The amount of intrinsic absorption in a galaxy scales with its metallicity: high abundance galaxies will tend to have a higher molecular gas and dust content. Thus higher luminosity galaxies have luminosities that are systematically underestimated, which compresses the absolute magnitude range at the luminous end of the L-Z relation and artificially increases the slope. Since the Skillman et al. and Richer & McCall samples are made up of lower luminosity galaxies, they occupy a different portion of the L-Z diagram than does the bulk of the KISS sample. They also suffer less absorption than do the more luminous KISS ELGs. The two effects combine to produce a significantly shallower slope for these earlier studies, as well as for the subsample of KISS ELGs that cover a similar absolute magnitude range.
Another possible factor that could potentially produce a difference between our results and those of the previous studies mentioned above is the fact that we are using "coarse" abundances derived via strong emission lines, while the others are all using abundances derived using the T e method. However, this difference does not appear to have a significant impact on the analysis. We have T e abundances for 25 ELGs, taken mainly from Papers II and III. A comparison of the T e and coarse abundances for these 25 sources shows that the two abundance estimates agree within the expected uncertainties. Specifically, the mean difference in log(O/H) between the T e and coarse abundances is −0.009 dex, while the scatter about the mean is 0.163 dex (consistent with the uncertainty in the [N II]/Hα coarse abundance method described in §3.3). Thus, over the abundance range covered by our sample of 25 T e objects (12+log(O/H) = 7.55 -8.30), our coarse abundance estimates are in good agreement, albeit with a large scatter.
Further evidence for a steeper L-Z slope can be seen in Zaritsky, Kennicutt & Huchra (1994) . Using spectra of disk H II regions in a large sample of nearby spirals, they find that an L-Z relation exists for gas-rich galaxies that covers approximately nine magnitudes in M B . While they state that their sample maps directly onto the L-Z relation defined by lower luminosity irregular galaxies, it is clear from their Figure 13 that the more luminous spirals are located systematically above the relation for the irregulars, indicating that a steeper slope is needed to fit the L-Z relation for the higher luminosity galaxies. Garnett (2002) also considers the L-Z relation for a broad range of galaxian luminosities, but finds a slope comparable to that obtained by Skillman et al. (1989) , Richer & McCall (1995) , and H. Lee et al. (2003) . This appears to be in direct conflict with our findings, in the sense that it negates the explanation given above for the slope differences between our work and the dwarf-only studies. Garnett's sample includes many objects with M B brighter than −20. The key difference is that Garnett assigns a characteristic abundance for his larger spirals by evaluating the observed abundance gradient for each galaxy and adopting the O/H value measured at the half-light radius of the galaxy. In contrast, we derive abundances measured in the central star-forming complex of the KISS ELGs. Since the abundance gradients in spirals are typically significant (Zaritsky, Kennicutt & Huchra 1994; van Zee et al. 1998) , the differences between our study and Garnett's can be understood in terms of where the metal abundance is being measured in the galaxies. For example, in the sample of van Zee et al. , the abundance difference between the central value and the value measured at the half-light radius averages 0.34 dex (with the central value being higher). Adjusting the abundances of Garnett's galaxies upward by 0.34 dex would clearly lead to a steeper L-Z slope. The question of where in the galaxy to measure the abundance is a valid one. Certainly one cannot fault Garnett for using the abundance measured part way out in the disk. For the KISS ELGs, on the other hand, the choice is dictated by where the star-formation event is occurring. For luminous ELGs, the emission-line region is essentially always in the central portion of the galaxy. We would argue that for comparison with most modern studies that utilize fiber-fed spectrographs, and for comparison with studies of higher redshift galaxies, the use of centrally measured abundance values makes more sense.
Two recent studies have made use of much larger data sets to construct L-Z relations. Lamareille et al. (2004) utilize a sample of nearly 6400 galaxies from the 2dF Galaxy Redshift Survey to determine a B-band luminosity-metallicity relation. They select star-forming galaxies from the 2dF database that have strong nebular emission lines from which the O/H abundance can be derived using the R 23 method (using the McGaugh 1991 calibration). They obtain an L-Z slope very similar to our value (−0.274) and find a scatter in their relation of 0.27 dex. Their sample contains a high percentage of luminous galaxies (M B < −18): 92% of their objects are in the upper branch of the R 23 relation. Tremonti et al. (2004) use approximately 51,000 starforming galaxies from the Sloan Digital Sky Survey (SDSS) to create a pseudo-B-band L-Z relation as well as a mass-metallicity relation. As with the KISS and 2dF galaxies, they derive their metal abundances using the strong nebular emission lines present in the spectra of their galaxies. A novel feature of the Tremonti et al. L-Z and mass-Z relations is that they flatten out at the highest luminosities/masses. This is readily understood in the context of the general picture that the L-Z relation reflects mainly a galaxy's ability to retain its own SNe ejecta, which depends primarily on the galaxian mass. Above some critical mass, essentially all of the metals produced in a galaxy will be retained. Hence, one would predict that for galaxian masses above this critical value, all galaxies will have the same relative metal abundance, and the L-Z and mass-Z relations should flatten out. This is exhibited dramatically with the SDSS data in Tremonti et al. ! Their mass-Z relation begins to flatten for masses above a few times 10 10 M ⊙ . The flattening is less dramatic, but still evident, in their L-Z relation.
Given the clear evidence for the flattening at the high luminosity/mass end of the observed L-Z and mass-Z relations derived with the SDSS data, one must ask the question why a similar trend is not seen in the KISS data (or, for that matter, in the 2dF data). Comparison of our Figure 5a with Figure 4 of Tremonti et al. suggests the answer: the SDSS database systematically probes to higher luminosities than does KISS. While KISS has few star-forming galaxies with M B < −21, the SDSS sample of Tremonti et al. shows large numbers of galaxies to M B = −22.5. The differences between the two datasets are readily understood as sample selection biases. The spectroscopically observed portion of SDSS is a magnitudelimited sample, and hence includes many luminous galaxies at large redshifts. KISS, on the other hand, is a lineselected survey that has an inherent redshift limit of z = 0.095. Hence KISS does not probe to the large distances (and large volumes) that would allow it to detect large numbers of the relatively rare luminous galaxies. In addition, a second selection effect involves the ability to detect the line emission in KISS galaxies. The absolute strength of the emission lines emitted by a star-forming event will depend on several factors, but in general will scale with the size of the starburst. Depending on the size/luminosity of the host galaxy, that star-formation event will be detected as a KISS galaxy only if there is sufficient contrast between the line and the underlying galaxian continuum. For extremely luminous host galaxies (M B < −21), the underlying galaxy light tends to swamp the line emission from the starburst, making them difficult to detect. This selection effect means that KISS under-represents star-formation in the very most luminous host galaxies, unless the star-formation event is extremely strong. The two effects (lower volume surveyed for luminous galaxies and the contrast effect) together mean that KISS does not probe to the highest galaxian luminosities that SDSS reaches, which explains, at least in part, why we do not see the flattening in the KISS L-Z relation. The flattening is only present in the most luminous galaxies, and these are rare in the KISS sample.
The derived SDSS L-Z relation has a slope of −0.185, which is considerably shallower than our result in the Bband but more consistent with the results of Skillman et al. (1989) . Examination of their Figure 2 suggests a reason for this discrepancy. Tremonti et al. fit the entire dataset, including the portion with high luminosities where the correlation has begun to flatten out. It would appear that fitting only the galaxies with M B > −21 would lead to a steeper slope. This has been confirmed by C. Tremonti (private communication) , who fit the SDSS data after applying a selection function that more nearly mimics the type of selection relevant for the KISS ELGs. The resulting slope of −0.23 is steeper than their published value and lies closer to the value we arrive at in the current study.
The flattening of the Tremonti et al. L-Z and mass-Z relations, as well as their physical interpretation, needs also to be considered in the context of our earlier discussion regarding the specifics of the metallicity calibration used. The abundance determination method employed by Tremonti et al. utilizes the strong-line method but uses a more sophisticated scheme for deriving the metallicity. This method is model based, and yields an abundance calibration that tends to flatten dramatically at the upper end of the R 23 relation (see their Figure  3 ). While this flattening is reasonable, if one were to to utilize a linear upper-branch R 23 relation (as we have for our EP and KBG fits), then the flattening observed at the highest luminosities in the L-Z relation essentially goes away (C. Tremonti, private communication). While we are not suggesting that the observed flattening in the Tremonti et al. L-Z and mass-Z relations is fictitious, it is worth remembering that this result does depend strongly on the specifics of the strong-line abundance calibration used.
The NIR L-Z relation
One of the key results of the current paper is the derivation of NIR luminosity-metallicity relations for our large sample of KISS star-forming galaxies. Other groups have considered the form of the L-Z relation in the NIR: Saviane et al. (2004) present an H-band relation for a small sample of Sculptor group galaxies, while Lilly, Carollo & Stockton (2003) display a J-band L-Z relation for their high redshift sample. Neither group generates a fit to their data, so we are unable to directly compare their relations with ours. To our knowledge, the NIR L-Z relations with fits shown in Figure 6 are the first ones ever published for a local sample of galaxies.
As discussed in §4, the main motivation for constructing L-Z relations in the NIR is to be able to avoid the effects of internal absorption on the high luminosity end of the relation. It is evident from the L-Z plots, as well as from the parameters of our linear-least-squares fits (Table 6), that the slope of the L-Z relation decreases monotonically as the wavelength of the photometric band used to construct it increases. Furthermore, the RMS scatter about the fit is reduced in the NIR relations. The similarity of the slopes for the three NIR bands suggests that it doesn't matter which band is used; the absorption effects are greatly diminished relative to the optical bands for all three.
Because the sample of galaxies used to construct our NIR L-Z relations changes significantly relative to the one used to derive the optical relations (e.g., §4.1 and Figure 4 , we considered the possibility that the slope and RMS differences seen might be due to sample differences rather than being a real physical effect. To test this, we created a new B-band L-Z relation using only the 420 galaxies included in the J-band relation (Figure 6a,b) . The fit to this data set yielded a slope of −0.307 ± 0.007 (EP calibration), slightly steeper than the value obtained with the full B-band sample (−0.280 ± 0.003). Furthermore, the RMS scatter for the new fit is 0.31 dex, compared to 0.29 dex for the fit to the full sample. This result clearly shows that the differences in the L-Z relations between the optical and NIR are NOT due to sample issues. In fact, one would have predicted just these results based on the interpretations given in the previous subsection. Since the NIR-detected sample is preferentially lacking in the lower luminosity galaxies, which are known to exhibit a shallower L-Z slope (see §5.1), the B-band L-Z slope for the J-band sample should be slightly steeper than the one for the full sample, as observed. Further, the J-band-detected objects, being more luminous, will suffer more from variable amounts of internal absorption, leading to a larger RMS than when compared with the full sample. Hence, we conclude that the shallower slopes and reduced RMS scatters exhibited by our NIR L-Z relations are real effects.
Another reason why the NIR L-Z relations are to be preferred over the optical ones is that variations in the NIR mass-to-light ratios (M/L) are substantially reduced relative to those in the optical (e.g., Bell & de Jong 2001) . This is especially relevant if the underlying relation is one between mass and metallicity, as was assumed in §1. The primary effect of a smaller range of M/L values will be to further reduce the scatter in the L-Z relation by reducing the range in luminosities at a given mass. This comes about because the effect of variations in starformation histories/stellar populations is less pronounced in the NIR than it is in the optical. This could be especially important for a sample of star-forming galaxies such as KISS (although see §5.3).
The slope of the L-Z relation might also be expected to be shallower in the NIR simply due to stellar population issues. As shown by Bell & de Jong (2001) , the characteristic colors of galaxies vary smoothly with M/L ratio, in the sense that lower M/L values are bluer and higher M/L values are redder. Color and M/L ratio also correlate with luminosity, with bluer galaxies being less luminous and redder ones more luminous. As an example, a galaxy with B−V = 0.3 and M B = −16.0 will have a B−K color of ∼2.3 and hence M K = −18.3 (see Figure 9 of Bell & de Jong 2001) . A galaxy with B−V = 0.9 and M B = −21.0 will have B−K ≈ 3.9 and M K = −24.9. Hence, according to the models of Bell & de Jong, one would expect a shallower slope in the K-band L-Z relation since in this example ∆M K = 6.6 when in the optical for the same two galaxies ∆M B = 5.0. Presumably, both this effect and the lower amounts of absorption will both be acting simultaneously to reduce the observed slope in the NIR L-Z relation. It is not clear which effect will be the dominant one (or whether they will be of roughly equal magnitude). It is interesting to note that for the KBG R 23 calibration, the L-Z slope is identical for the absorption-corrected B-band relation and the NIR versions (Table 6 ). This implies that all of the slope change between the B-band and NIR relations is due to absorption effects. One the other hand, for both the EP and SDSS calibrations, the NIR L-Z slopes are significantly smaller than the absorption-corrected B-band values, suggesting that a sizable portion of the slope difference is due to the correlation between color and luminosity. Understanding the relative importance of the two effects will require additional work.
In the absence of absorption (e.g., Masters et al. 2003) , the slope of the L-Z relation is −0.21 ± 0.01 (EP calibration). We suggest that this value is "fundamental," in the sense that it reflects the change in abundance as a function of galaxian luminosity in the limit of zero absorption. To the extent that the L-Z relation is used to constrain models of galaxy evolution, the above slope would be the preferred value to use. While the ultimate goal would be to arrive at a relationship between mass and metallicity, in the absence of the former the NIR luminosity should be a robust substitute. This is because the NIR luminosities have a more direct correspondence to stellar mass than do optical luminosities. The latter suffer from the effects of higher absorption, plus optical mass-to-light ratios vary more than NIR ones due to stellar population differences. Thus the NIR luminosities are the preferred ones to use, and the NIR L-Z relations presented here are likely to be close to the ideal or fundamental relationships between luminosity and metallicity. Kobulnicky et al. (2003) searched for correlations between various parameters (color, emission-line equivalent width, effective radius) and residuals in their derived L-Z relationship in order to investigate whether there were any "second-parameter effects" that might be responsible for increased scatter in the L-Z relation. They found no significant correlations. In particular, they used the lack of correlation between Hβ equivalent width and the L-Z residuals to argue that the presence of a strong starburst in some galaxies does not add dramatically to the observed scatter in the L-Z relation. While this result may appear to run counter to conventional wisdom, it is entirely consistent with what is observed in the KISS sample of local star-forming galaxies. For the luminous portion of the KISS sample (M B < −20), even the most extreme starbursts rarely increase the total luminosity of the host galaxy by more than 0.2 magnitude in B (A. Jangren et al. 2005a, in preparation) . In other words, we do not expect that the presence of starbursts in the KISS galaxies to cause a significant increase in the scatter in the L-Z relation at the higher luminosities. Since the Kobulnicky et al. sample is confined to higher luminosities, they naturally do not see a significant trend. At lower luminosities the effect of a starburst on the luminosity of the host galaxy, and hence its position in the L-Z diagram, can be more significant (e.g., see Paper III). However, even in the cases of extremely powerful starbursts in low-luminosity hosts (a.k.a. blue compact dwarfs), the luminosity enhancement due to the starburst is usually under 1.0 magnitude in B (e.g., Salzer & Norton 1999) .
Scatter in the L-Z relation and 2nd parameter effects
We do see a significant reduction in the scatter in the L-Z relations derived using the KISS galaxies when the NIR luminosities are used. This suggests strongly that varying amounts of internal absorption in galaxies add significantly to the scatter in the B-band L-Z relation. As seen in Table 6 , the RMS scatter in the KISS L-Z relation (EP calibration) drops from 0.29 dex for the uncorrected B-band relation, to 0.26 for the corrected Bband relation, to 0.22 for the J-band relation. The fact that the scatter increases slightly in going from J to H to K bands is likely due to the increasing photometric uncertainties present in the 2MASS photometry in the redder bands (see §2.2). As described above, the change in the derived slope for these fits is also consistent with a lowering of the internal absorption on the galaxian luminosities. We stress that this absorption effect does not alter the derived abundances, since the latter are corrected on a case-by-case basis for line-of-sight reddening based on their measured Balmer decrement. This is strictly a luminosity effect, which is why the scatter diminishes so dramatically between the B band and the NIR bands.
As discussed above, variations in the mass-to-light ratios of galaxies are expected to be lower in the NIR bands than in the bluer optical bands. It is likely that this effect also plays a role in reducing the scatter in the NIR L-Z relations. It is not clear how one could disentangle the two effects (absorption variations and M/L variations) with the present dataset.
A key question is whether or not the observed scatter in the NIR bands (0.22 -0.23 dex) represents the fundamental "cosmic scatter" in the L-Z relation, or whether additional effects are acting to inflate the observed values. Since the formal errors in our abundance estimates are of order 0.15 dex (and may be somewhat higher if systematic effects are important), we are probably not in a position to explore this issue further with the current dataset. However, if we adopt our formal abundance error as being a lower limit to the actual uncertainties in our metallicity estimates, we can set an upper limit on the cosmic scatter in the L-Z relation of ∼0.16 dex. The lack of any strong correlations between the residuals in the J-band L-Z relation and Hα equivalent width, c Hβ , and B−V color suggest that the observed scatter is not caused primarily by the current star-formation processes. Tremonti et al. (2004) report that their metallicity residuals correlate fairly strongly with the central surface mass density of their sample galaxies. This makes perfect sense, since if the L-Z relation is caused by massdependent variations in the ability of different galaxies to retain their SNe ejecta, then variations in the relation at a given mass/luminosity could naturally be caused by variations in the mass distributions of the galaxies.
In other words, for galaxies of the same mass, those with higher central mass densities should have modestly higher abundances. The proper resolution of this issue will require additional work employing samples with more precise abundance estimates (e.g., Tremonti et al. 2004) .
High redshift L-Z relations
Tracking the build-up of metals in galaxies over cosmic time time has recently become a realistic goal in the study of galaxy evolution. Several groups have recently explored the change in the metal content of galaxies with increasing redshift/look-back time (e.g., Lilly, Carollo & Stockton 2003; Kobulnicky et al. 2003; Maier, Meisenheimer & Hippelein 2004 , Liang et al. 2004 . With the establishment of a well-defined local L-Z relation, such as we have presented here, it becomes possible to explore the evolution of the relation as a tool for probing the chemical (and possibly star-formation) evolution history of galaxies. However, the results to date are, to say the least, confused. For example, the Maier, Meisenheimer & Hippelein and Liang et al. studies both report that the galaxies in their sample exhibit metallicity increases of about a factor of 2 between z ≈ 0.7 and today, while Kobulnicky et al. find more modest increases and Lilly, Carollo & Stockton suggest that almost no metallicity enhancement has occurred over the same range of look-back times.
The task of making a self-consistent comparison between our new L-Z relations and the high redshift studies mentioned above is beyond the scope of the current paper. While one might be tempted to simply compare the various results on face value, a more careful approach is called for. The comparison between our L-Z relation and the one derived from SDSS data (Tremonti et al. 2004) serves as a clear example (see §5.1). While a direct comparison of the L-Z fits to the two datasets suggest discrepant results, a more careful analysis that treats the data in similar ways and accounts for sample selection differences arrives at very similar L-Z fits.
The lessons we have learned from the comparison of purely local L-Z relations suggest some of the elements that are necessary for a study that seeks to measure the global chemical evolution in galaxies by contrasting L-Z relations at different epochs. These include: (1) Estimating abundances for all datasets in identical ways. This would require starting with the observed line ratios and processing the high-and low-z samples following similar procedures. Relevant issues here include accounting for internal absorption (difficult for high-z objects since Hα is often redshifted out of the spectral bandpass, but crucial since abundance estimates of high-z objects often rely on the [O II]/Hβ ratio which is extremely sensitive to absorption), and the consistent use of the same R23 (or equivalent abundance estimator) calibration. (2) Proper corrections to rest-frame luminosities. While in principal this is very straight-forward (e.g., using standard kcorrections), one needs to be concerned about issues like the variable amount of absorption present in individual galaxies. In practice, the best approach would be to use multi-band imaging (which is often available for deep survey fields), fit the SED, and then derive the appropriate rest-frame magnitude from the SED fit. (3) Use of similar fitting methods for the L-Z relations. Different au-thors tend to use different methods for fitting their data. To be assured that the fitting process does not introduce differences, it is always advisable to use the same fitting software/method for both high-and low-z L-Z relations. (4) Recognizing and accounting for sample differences. As with most studies of extragalactic objects, one must always be careful to avoid comparing "apples and oranges." Since high-z samples tend to be dominated by higher luminosity galaxies, care must be taken to ensure that the local comparison sample has a similar make up.
The prospect of using L-Z relations measured at a range of redshifts as a tool for probing the chemical evolution of galaxies is an exciting one. While only in its infancy, this technique offers great promise for our understanding of galaxy evolution as well as the star-formation history of the universe. However, as outlined above, great care is required to avoid drawing incorrect conclusions.
SUMMARY & CONCLUSIONS
We use the large sample of nearby (z < 0.095) starforming galaxies from the KISS objective-prism survey to explore the relationship between metallicity and luminosity. The homogeneous nature of the KISS follow-up spectra, combined with the depth and uniformity of the sample make this an excellent dataset to use for this purpose. We extend the analysis presented in Paper I by (i) using an expanded sample of KISS star-forming galaxies with the necessary follow-up spectra, (ii) re-determining the coarse abundance relations with a much larger sample of objects with quality abundance estimates, (iii) exploring the effect of using different R 23 calibrations on the resulting L-Z relation, and (iv) evaluating the L-Z relation in five different photometric bands (BVJHK).
Follow-up spectra of a total of 766 KISS star-forming ELGs enable us to estimate abundances via a coarse (or strong-lined) abundance method. These objects also have accurate B and V photometry. By correlating the KISS catalog with the 2MASS database, we obtain NIR magnitudes for a subset of these KISS ELGs: 420 with J-band photometry, 399 with H-band data, and 370 with K-band magnitudes.
We demonstrate that testing the effect of using different strong-line method calibrations on the resulting L-Z relations is important and necessary, and expand our analysis from Paper I to include a range of proposed R 23 -method calibrations. These result in significant variations in our derived L-Z relation fits. While the range in the derived L-Z slopes is significant, especially in the optical, we do not believe that it changes any of our general conclusions.
We present L-Z relations for all five photometric bands. In all cases the relations are derived using data that cover more than six magnitudes, or a factor of 250 in luminosity. We find that the slopes of the L-Z relations change systematically from the shortest to the longest wavelengths, in that the relation is steepest in the blue and most shallow in the near-IR. The RMS scatter in our relations decrease dramatically between the blue and NIR. We interpret these effects as being due, in large part, to the changing influence of internal absorption on the intrinsic brightnesses of the luminous portions of the galaxy populations as a function of the observed wavelength. In addition, changes in the contributions of the various stellar populations present in these galaxies (e.g., starburst population vs. older stars) to the various bandpasses likely contributes to the observed slope changes as well.
The slope of our derived B-band L-Z relation differs dramatically from those obtained in some previous studies (e.g., Skillman et al. (1989); Richer & McCall 1995) . The main difference is that we obtain a much steeper slope in the optical. However, those studies considered only low luminosity galaxies (typically M B > −18), while the KISS sample ranges from M B = −14 to −21.5. Recent studies that cover a similar luminosity range also derive larger slopes (e.g., Lamareille et al. 2004) . While part of the difference between our results and previous work may be due to absorption effects in the more luminous galaxies, it appears that the general L-Z relation is steeper than the value obtained using only lowluminosity galaxies. We suggest that the K-band slope of −0.21 represents a "fundamental" form of the L-Z relation. The fact that the slope derived using lowluminosity galaxies is less steep (−0.15) suggests that the L-Z relation is not linear over the full range of galaxian luminosities. The large scatter in our data, combined with the relative paucity of galaxies with luminosities below M B = −16, makes it impossible for us to explore the non-linear nature of the L-Z relation with the current dataset. However, a clear hint of this nature can be seen in the L-Z and mass-Z relations derived recently by Tremonti et al. using the extensive SDSS database.
The determination of accurate L-Z relations provides fundamental input to our understanding of galaxy evolution. The fact that metal abundance correlates with galaxian luminosity (and mass) over essentially the entire range of the latter suggests that there are important constraints on the supernova feedback processes occurring within galaxies. Furthermore, the observed dispersion in the L-Z relation sets limits on the range of variation of these feedback mechanisms from galaxy to galaxy. Together, they provide important constraints to models of the chemical evolution of galaxies (e.g., Prantzos & Boissier 2000; Boissier et al. 2003; Chiappini, Romano & Matteucci 2003; Rieschick & Hensler 2003; Qian & Wasserburg 2004 ). In addition, recent studies have started to reveal the utility of using the L-Z relation as a tool for measuring the evolution of metal abundances in galaxies as a function of look-back time.
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